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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, HIIDEAKI YAMASAKI , a 
citizen of Japan residing at Nirasaki-Shi ^ Yamanashi , Japan, 
TATSUO HATANO^ a citizen of Japan residing at Nirasaki-Shi^ 
Yamanashi, Japan, TSOKASA MATSUDA, a citizen of Japan 
residing at Nirasaki-Shi , Yamanashi, Japan, TARO IKEDA, a 
citizen of Japan residing at Nirasaki-Shi , Yamanashi, Japan, 
KAZUHITO NAKAMURA, a citizen of Japan residing at Nirasaki- 
Shi, Yamanashi, Japan, KOUMEI MATSUZAWA, a citizen of Japan 
residing at Nirasaki-Shi , Yamanashi, Japan, YUMIKO KAWANO, 
a citizen of Japan residing at Nirasaki-Shi , Yamanashi, 
Japan, MITSUHIRO TACHIBANA a citizen of Japan residing at 
Nirasaki-Shi, Yamanashi, Japan, have invented certain new 
and useful improvements in 

CVD PROCESS CAPABLE OF REDUCING INCUBATION TIME 

of which the following is a specif ication : - 
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TITLE OF THE INVENTION 

CVD PROCESS CAPABLE OF REDUCING INCUBATION 

TIME 

5 BACKGROUND OF THE INVENTION 

The present invention generally relates to 
fabrication of semiconductor devices and more 
particularly to the method of forming a metal film by 
a CVD process while using a metal carbonyl compound 

10 as a source material. 

CVD (chemical vapor deposition) is a 
fundamental and important f ilm-f oinnation process used 
in the production of various semiconductor devices . 
As the film formed by a CVD process can achieve 

15 excellent step coverage even when the film is 

deposited on a complex structure having a large 
aspect ratio, the CVD process is used extensively for 
forming insulation films, semiconductor films and 
metal films in the fabrication process of 

20 semiconductor devices or display devices such as a 
liquid display panel. 

Particularly, the pyrolitic CVD process of 
a metal film conducted by using a metal carbonyl 
source material is important in relation to the 

25 technology of multilayer interconnection in view of 

the fact that the process can form a refractory metal 
film such as a W film on an insulation film such as 
an Si02 film directly with low specific resistance. 
Conventionally, CVD of a W film has been 

30 conducted by using a source material such as WFs or 
WCle by causing a reduction reaction in such a W- 
containing source compound by using H2r SiH4 or NH3. 
According to such a process, however, it has been 
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difficult to deposit a W film on an insulation film 
such as an SiOa film- 
On the other hand, there is proposed a 
technology capable of forming a W film on an SiOj 
5 film by using W(C0)6 as a CVD source material. 

According to this proposal, a W film is formed by 
conducting a pyrolytic decomposition reaction of 
W(CO) 6 as follows. 

W(C0)6 -> W + 6CO. 

10 Typically, the CVD process of a W film 

using a W(CO)e source material is conducted under the 
pressure of about 7Pa (0.5 Torr) or less while 
setting the substrate temperature to about 500t. 
Under such a condition, the deposition of the W film 

15 occurs immediately with commencement of the process, 
even in the case the process is conducted on an SiOj 
film. Thereby, a high-quality W film is obtained with 
high throughput. 

Meanwhile, there is an increasing tendency, 

20 in recent ultrahigh-speed semiconductor devices, of 
using a so-called low-K dielectric film having a 
characteristically small dielectric constant as 
compared with an SiOs film, for the interlay er 
insulation film of a multilayer interconnection 

25 structure. 

Because such a low-K insulation film 
generally has a poor heat resistance, it is necessary 
to conduct a deposition process at the substrate 
temperature lower than 50 such as about 40 or 

30 less, in the case a W film is to be deposited on such 
a low-K dielectric insulation film by using the CVD 
process that uses such a metal carbonyl compound as 
the source material . 
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FIG-1 shows the relationship between the 
duration of deposition (deposition time) and the 
thickness of the w film observed by the inventor of 
the present invention in the experimental 
5 investigation that constitutes the foundation of the 
present invention. In this investigation, the w film 
was deposited by using W(C0)6 as the source material 
at the substrate temperature of less than 500^. 

More specifically, the experiment of FIG-l 
10 was conducted under the process pressure of about 8Pa 
(0.06 Torr) at the substrate temperature of 413^^ 
while supplying a W(C0)6 source gas from a source 
bottle holding therein the W(C0)6 source material at 
by causing a bubbling in the source bottle by 
15 an Ar carrier gas with a flow rate of 50 SCCM. 

Referring to FIG. 1, it can be seen that the 
deposition of the W film on the substrate does not 
occur immediately after the commencement of the 
deposition process . The deposition of the W film 
20 starts only after an incubation time of about 5 

minutes has elapsed- After the incubation time, it 
can be seen that the thickness of the W film 
increases generally linearly with the deposition time. 

Thus, the relationship of FIG-1 indicates 
25 that it is possible to form a W film on an Si02 film 
with high precision also at such a low temperature by 
controlling the duration of the deposition process. 
On the other hand, the existence of such an 
incubation time inevitably decreases the throughput 
30 of the W-film formation process. In the case of a 
single-wafer process, in which substrates of large 
diameter are processed one by one, in particular, 
there is caused a waiting time for each wafer in 
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correspondence to the foregoing incubation time, and 
a serious degradation of process throughput is caused 
for the overall process of semiconductor device 
production. 

5 It should be noted that this incubation 

time increases when the substrate temperature is 
decreased and can reach as much as 600 seconds or 
more. 

In the case of forming a w film by the 
10 pyrolytic decomposition process of W(C0)6 under the 
process pressure of 0.1 Torr at the substrate 
temperature of 338*C by setting the bubbler 
temperature to 30''C and the flow rate of the gaseous 
source material containing W(C0)6 to 50SCCW, it was 
15 confirmed by the inventor of the present invention 
that, there is caused an incubation time of 618 
seconds, which is longer than 10 minutes. Once the 
foregoing incubation time has elapsed, there occurs 
the deposition of the w film with the rate of about 
20 6.6nm per minute. 

SUMMARY OF THE INVENTION 

Accordingly^ it is a general object of the 
present invention to provide a novel and useful film- 

25 formation process wherein the foregoing problems are 
eliminated. 

Another and more specific object of the 
present invention is to provide a method of forming a 
metal film of low specific resistance with high 

30 efficiency by a CVD process that uses a metal 

carbonyl source, such that the film forming process 
can be conducted at a substrate temperature 
corresponding to a withstand temperature of a low-K 
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dielectric film while simultaneously maintaining a 
high film quality and suppressing the incubation time. 

Another ob;]ect of the present invention is 
to provide a method of forming a metal film from a 
5 metal carbonyl compound source, comprising the steps 
of: 

(A) introducing a source material 
containing a metal carbonyl compound into a process 
space adjacent to a surface of a substrate to be 

10 processed in such a manner that said metal carbonyl 
compound has a first partial pressure; 

(B) depositing a metal film on said surface 
of said substrate by introducing a source material 
containing said metal carbonyl compound into said 

15 process space in such a mater that said metal 

carbonyl compound has a second, smaller partial 
pressure, 

said step (A) being conducted such that 
there is caused no substantial deposition of said 

20 metal film on said substrate. 

According to the present invention, a 
nucleation process is conducted in the step (A) at 
the beginning of the CVD process by supplying the 
metal carbonyl compound to the process space with 

25 high partial pressure or concentration so that there 
are formed crystal nuclei at the surface of the 
substrate. After the step (A), the metal carbonyl 
compound is supplied to the process space in the step 
(B) with an ordinary or lower partial pressure or 

30 concentration. Thereby, the deposition of the metal 
film occurs immediately and the incubation time is 
eliminated. 

It is believed that the crystal nuclei 
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formed on the surface of the substrate are actually 
formed of metal regions precipitated from the metal 
carbonyl compound source in the form of an island 
structure. As such precipitation of the crystal 
5 nuclei is caused only under the existence of high 
concentration metal carbonyl source compound, the 
metal region thus formed may contain not only the 
metal such as W but also other elements and species 
such as C or CO. 

10 Thus, there is a possibility that the 

quality of the metal film is degraded and the film 
density is decreased when the deposition of the metal 
film is continued under the condition of the step (A) 
and the metal film is formed as a mere continuation 

15 of the process of the step (A) . Such a metal film may 
have a large specific resistance. 

Thus, according to the present invention, 
the step (A) is conducted such that there is caused 
no continuous deposition of the metal film in this 

20 step, and the deposition of the desired metal film is 
achieved only when the step (B) is conducted in such 
a manner that the concentration of the source 
compound is reduced. Thus, by conducting the 
pyrolytic CVD process of the metal film according to 

25 the step (A) and further the step (B) as set forth in 
the present invention, the problem of incubation time, 
which can reach 300 seconds or more in the case the 
deposition process is conducted at the substrate 
temperature of 413*C, is successfully eliminated- It 

3 0 should be noted that the throughput of the substrate 
processing is improved in the case the step (A) is 
conducted for 120 seconds, as compared with the case 
in which no such a nucleation process is conducted 
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and the problem of nucleation tirae is caused. 

Other objects and further features of the 
present invention will become apparent from the 
following detailed description when read in 
5 conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.l is a diagram showing the relationship 
between the thickness of the w film and the duration 
10 of the deposition for the case a W film is deposited 
directly on an insulation film by a CVD process; 

FIG. 2 is a diagram showing the construction 
of a CVD apparatus according to a first embodiment of 
the present invention; 
15 FIGS.3A and 3B are diagrams showing a CVD 

process of a w film on an insulation film according 
to the first embodiment of the present invention; 

FIG ,4 is a diagram showing the nucleation 
process at the surface of the insulation film in the 
20 step of FIG.3A; 

FIG. 5 is a diagram showing the relationship 
between the -thickness and the duration of deposition 
for the W film formed according to the first 
embodiment of the present invention; 
25 FIG. 6 is a diagram showing the specific 

resistance of the W film of FIG. 5; 

FIG. 7 is a diagram showing the relationship 
between the thickness and the duration of deposition 
of the W film formed according to a second embodiment 
30 of the present invention; 

FIG. 8 is a diagram showing the specific 
resistance of the w film of FIG. 7; 

FIG. 9 is a diagram showing the relationship 
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between the W film and the duration of the deposition 
of the w film formed according to a third embodiment 
of the present invention; 

FIG, 10 is a diagram showing the specific 
5 resistance of the W film of FIG. 9; and 

FIG. 11 is a diagram showing the 
construction of a CVD apparatus according to a fourth 
embodiment of the present invention. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(FIRST EMBODIMENT] 

FIG. 2 shows the construction of a CVD 
apparatus 10 used in a first embodiment of the 
present invention. 

15 Referring to FIG. 2, the CVD apparatus 10 

includes a processing vessel II evacuated by a turbo 
molecular pump 12 and a dry pump 13^ and a stage llA 
is provided in a process space inside the processing 
vessel H for supporting a substrate Wf to be 

20 processed. 

Further, there is provided a showerhead IIB 
in the processing vessel 11 so as to introduce a 
process gas into the process space, wherein a metal 
carbonyl compound . such as W(C0)6 is supplied to the 

25 showerhead IIB from a bubbler 14 holding therein a 
liquid source of the metal carbonyl compound of 
W{C0)6, together with a carrier gas such as an Ar gas 
in the form of a gaseous source material. Thereby the 
gaseous source material is supplied to the showerhead 

30 llB via a valve 14A and a line 14B and further via a 
valve 14C provided in the line 14B. 

The gaseous source material thus supplied 
is introduced into the processing vessel 11 from the 
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showerhead IIB as represented in FIG. 2 by arrows, and 
a metal film is deposited on the surface of the 
substrate Wf as a result of the pyrolytic 
decomposition reaction of the gaseous source material 

5 taking place at the surface of the substrate Wf . 

Further, the CVD apparatus 10 of FIG, 2 is 
provided with a bypass line 13B bypassing the line 
14B to the dry pump 13 via a valve 13 A. The valve 13A 
is closed during the phase of conducting an ordinary 

10 deposition process but is opened when it is necessary 
to stabilize the flow rate of the carrier gas 
carrying the gaseous source material therewith before 
the commencement of the actual deposition step or 
when it is necessary to purge the processing vessel 

15 11. When the valve 13A is opened, the valve 14C is 
closed. As a result, the gaseous source material 
produced by the bubbler 14 is bypassed to the dry 
pump directly during such a stabilization phase of 
the CVD apparatus 10. With this, it becomes possible 

20 to maintain the state of the bubbler 14 to be 

constant irrespective of whether the CVD apparatus 10 
is in the deposition process or it is in the 
stabilization phase for flow rate stabilization or in 
the purging phase, 

25 In the present embodiment, the bubbler 14 

is supplied with a carrier gas via a mass flow 
controller 15 and further via a valve 15A, and there 
is caused a bubbling in the bubbler 14 as a result . 
Thereby, the mass flow controller 15 is controlled by 

30 a system controller 16, and the concentration of the 
metal carbonyl compound in the gaseous source 
material supplied to the processing vessel 11 is 
controlled by controlling the mass-flow controller 15 
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via the system controller 16. 

Next, the film formation process of the 
present embodiment will be described with reference 
to FIGS.3A and 3B. 
5 Referring to FIG.3A, there is formed an 

SiOa film 21A on the surface of a silicon substrate 
21 with the thickness of about lOOnm, and the silicon 
substrate 21 is introduced into the CVD apparatus 10 
of FIG. 2 in the step of FIG.3A via a gate valve not 
10 illustrated as the substrate Wf . Thereby, the 

substrate 21 is placed on the stage llA held at the 
temperature of 480*^. Further, the bubbler 14 holds 
therein W(C0)6 as the metal carbonyl compound at the 
temperature of 

15 In the step of FIG,3A, an Ar gas is further 

introduced into the processing vessel 21A at the 
downstream side of the valve 14C from another line 
14D through a valve 14d cooperating therewith- 
Further, the turbo molecular pump 12 and the dry pump 

20 13 are activated and the pressure inside the 

processing vessel 21 is reduced to about 133Pa (1 
Torr) . While holding this state for 30 seconds, the 
substrate temperature (the temperature at the surface 
of the substrate) reaches the controlled temperature 

25 of 413*^, 

F.urther, in the step of FIG, 3 A, the 
pressure inside the processing vessel 21 is set to 
about 67Pa (0.5 Torr), which is higher than the 
pressure used for ordinary deposition process, and 
30 the mass flow controller 15 is controlled by the 
system controller 16 such that the bubbler 14 is 
supplied with the Ar carrier gas with the flow rate 
of 300SCCM for a duration of about 30 seconds. In the 
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step of FIG.3A, it should be noted that the partial 
pressure of W(C0)6 supplied to the process space 
adjacent to the Si02 film 21A on the silicon 
substrate 21 is increased as a result of increase of 
5 the pressure in the processing vessel 21. As a result, 
there is caused a strong supersaturation of W(C0)6 
molecules in the foregoing process space, and 
precipitation of metallic state W occurs promptly on 
the surface of the film 21A. Thereby, it is believed 

10 that there is formed an island structure of W nuclei 
as represented in FIG. 4. 

Next, in the step of FIG.3B, the pressure 
inside the processing vessel 12 is reduced to about 
8Pa (0-06 Torr) . Further, the mass flow controller 15 

15 is controlled via the system controller 16 so that 

the Ar carrier gas is supplied to the bubbler 14 with 
a flow rate of 50 SCCM. As a result, there is caused 
an ordinary supersaturation state of the W(C0)6 
molecules in the process space adjacent to the Si02 

20 film just similarly to the case of ordinary pyrolytic 
CVD process in the step of FIG.3B, and there" is 
caused a rapid growth of a W film 22 on the substrate 
Wf from the island-like w nuclei shown in FIG. 4. 
Thereby, the W film 22 is grown so as to cover the 

25 SiOz film 21A. 

In the present embodiment, it is preferable 
that the step of FIG.3A is conducted such that there 
occurs no substantial deposition of the W film 22. It 
should be noted that the island--like region of w of 

30 FIG, 4 may contain not only W but also C or even CO or 
oxygen as impurity because of the high partial 
pressure or concentration of the W(CO)6 source 
material used in the step of FIG.3A. Thus, when the 
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process of FIG.3A is continued to form a W film, 
there is a substantial possibility that the obtained 
w film has poor electric and mechanical properties 
such as high specific resistance and low adhesion 
5 because of the impurities incorporated into the film. 

FIG.5 shows the relationship between the 
deposition time and the thickness of the W film 22 
obtained for the case the step of FIG-3B is conducted 
after conducting the 'step of FIG-3A. In the 

10 experiment of FIG. 5, it should be noted that the 
deposition of the W film 22 is conducted in 
correspondence to the step of FIG.3B by setting the 
pressure inside the processing vessel 21 to about 8Pa 
(0.06 Torr) and supplying the Ar carrier gas to the 

15 bubbler 14 with the flow rate of 50SCCM, by 

controlling the mass flow controller by way of the 
system controller 16. In FIG. 5, it should be noted 
that the horizontal axis has the origin corresponding 
to the onset of the step of FIG.3B. 

20 Referring to FIG- 5, ■ corresponds to the 

data points shown in FIG.l and represents the case in 
which the W film is deposited directly on the SiOa 
film 21A by omitting the nucleation process of FIG.3A. 
On the other hand, □ of FIG. 5 shows the case in 

25 which the nucleation process of FIG,3A is conducted 
for 30 seconds under the pressure of about 67Pa 
(O.STorr) while supplying the gaseous source material 
containing W (CO) s with the flow rate of 300SCCM. 
Further, A of FIG. 5 shows the case in which the 

30 nucleation process of FIG-3A is conducted under the 

same pressure of about 67Pa (O.S Torr) as in the case 
of □ but with the flow rate of the gaseous source 
material set to 50CCM. In the experiment of A, the 
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nucleat.ion step of FIG.3A is continued for 60 seconds. 

It should be noted that in the experiment 
represented by A, there is caused a very strong 
supersaturation state exceeding the case represented 
5 by □ at the surface of the S±Oz film 21A in view of 
the fact that the process pressure has the large 
value of about 67Pa and further in view of the fact 
that the flow rate of the gaseous source material is 
held simultaneously at the lower value of 50SCCM- In 

10 such a case of using a small flow rate for the 

gaseous source material^ which is a mixture of the Ar 
carrier gas and W(C0)6, there occurs a relative 
increase of concentration of W(C0)6 with respect to 
the Ar carrier gas with decrease of the carrier gas 

15 flow rate because of the reduced flow rate of the Ar 
carrier gas . 

Referring to FIG. 5, it can be seen that the 
thickness of the W film thus obtained increases 
generally linearly with the deposition time also in 

20 the case the nucleation process of FIG.3A is 

conducted and that the gradient of the line does not 
change very much as compared with the case in which 
the nucleation process is omitted. 

On the pther hand^ the origin of the line 

25 for the data D or A is shifted significantly as 
compared with line for the data ■ . Thus, the 
relationship of FIG. 5 indicates that the deposition 
of the W film starts substantially immediately when 
the deposition process of FIG.3B is started in the 

30 case the nucleation process of FIG.3A is conducted in 
advance . 

In FIG. 5, the extrapolation of the line for 
the data □ or A may seem to indicate that there has 
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been a deposition of a W film 22 of finite thickness 
at the time of commencement of the step of FIG.3B, 
while this is merely an apparent effect. It should be 
noted that the nucleation process of FIG.3A is 
5 conducted such that there is caused no deposition of 
the W film as explained with reference to FIG. 4. Thus, 
as long as the deposition time is zero, the thickness 
of the continuously formed w film 22 is also zero. 

FIG. 6 shows the result of measurement of 

10 the specific resistance conducted on the W film 22 

thus formed with the thickness of 50nm, wherein ■ of 
FIG. 6 represents the case in which no nucleation 
process was conducted similarly to the case of FIG. 5, 
while □ represents the case in which the nucleation 

15 process of fig,3A was conducted for 30 seconds under 
the pressure of about 67Pa (0.5 Torr) while supplying 
the Ar carrier gas with the flow rate of 300SCCM. 
Further, A represents the case in which the 
nucleation process of FIG-3A was conducted for 60 

20 seconds under the pressure of about 67Pa (0,5 Torr) 

while supplying the Ar carrier gas with the flow rate 
of 50SCCM, similarly to the case of FIG. 5, 

Referring to FIG. 6, it can be seen that the 
specific resistance increases slightly in the case of 

25 A as compared with the case of ■ in which no 
nucleation process was conducted. However, the 
difference is not deemed substantial, and it is 
concluded that the W film formed with increased 
throughput by way of conducting a nucleation process 

30 provides electrical properties substantially 

equivalent to the conventional W film formed without 
such a nucleation process . 

In FIG. 6, it is noted that the W film 
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represented by A shows a slightly increased specific 
resistance with respect to the case shown by ■ or □ 
as noted above, while this may indicate the situation 
in which the island regions of w shown in FIG, 4 are 
5 interconnected with each other under the condition of 
very strong supers aturation, resulting in formation 
of a continuous or partially continuous W layer 
containing a large amount of Impurity at the bottom 
part of the W film 22. Thus, it can be understood 

10 that the case represented by A in FIG. 6 actually 
represents the limit of exposure dose, defined as 
[W(C0)6 partial pressure] x [time], in the nucleation 
process of FIG.3A. 

Thus, according to the present invention, 

15 it becomes possible to deposit a high-quality W film 
22 of low specific resistance directly on the SLOz 
film at low temperature while avoiding appearance of 
incubation time, by conducting the nucleation process 
shown in PIG.SA in advance to the ordinary deposition 

20 step of FIG.3B such that there occurs no deposition 
of a continuous W film during the nucleation step of 
FIG,3A, 

In the illustrated example of the present 
embodiment, the partial pressure of W(CO)s is 

25 increased in the process space adjacent to the 
surface of the SiOz film 21A by increasing the 
process pressure to about 67Pa (0.5 Torr) . However, 
the pressure during the nucleation process of F1G.3A 
is not limited to such a specific pressure but a 

30 higher pressure may also be used- In the deposition 

step of FrG.3B, on the other hand, it is necessary to 
reduce the process pressure to about 13Pa (0,1 Torr) 
or less by using the turbo molecular pump 13. Thus, 
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it is preferable to set the process pressure in the 
step of FIG,3A not to exceed about 70Pa (0.5 Torr) 
from the viewpoint of the operational pressure range 
of the turbo molecular pump 13. 

5 

[SECOND EMBODIMENT] 

FIG -7 Shows the relationship between the W 
film and the deposition time for the case a CVD 
process of a W film is conducted at the substrate 

10 temperature of Ses'C while using W(C0)6 as the source 
material. In the description below, reference will be 
made to FIGS,3A and 3B as well as FIG. 4. 

In the deposition process of FIG. 7, too, 
the CVD apparatus 10 of FIG. 2 is used with the 

15 process in which a nucleation step corresponding to 
the step of FIG.3A is conducted first by supplying 
W(C0)6 on the SiOa film 21A with a high pressure, 
followed by conducting a deposition step 
corresponding to the step of FIG-3B for depositing a 

20 W film on the SiOz film by supplying W(C0)6 with a 
lower partial pressure. In FIG. 7, too, it should be 
noted that the origin of the horizontal axis 
corresponds to the commencement of the deposition 
step of FIG,3B. 

25 In the embodiment of FIG. 7, the substrate 

temperature is set to 368*C throughout the nucleation 
step of FIG.3A and the deposition step of FIG.3B, and 
the nuclei of W are formed on the surface of the Si02 
film 21A in the step of FIG-3A by supplying the 

30 gaseous source material containing W(C0)6 formed in 

the bubbler 14 at the bubbler temperature of 25*C, to 
the surface of the SiOa film 21A with the carrier gas 
flow rate of 50SCCM for 120 seconds under the process 
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pressure of 67Pa (0.5 Torr) , wherein the process 
pressure is pressure of the process space inside the 
processing vessel 11. 

After the step of FIG-3A, the gaseous 
5 source material is supplied from the bubbler 14 held 
at the same bubbler temperature to the process space 
inside the processing vessel 11, with the carrier gas 
flow rate of 50SCCM while setting the process 
pressure of the process space to about l3Pa (0.1 

10 Torr) . As a result, the W film 22 is formed on the 
SiOz film 21A with a desired thickness. 

Referring to FIG. 7, it can be seen that 
there appears an incubation time of about 400 seconds 
in the case of ■ in which the nucleation step is 

15 omitted. In the case of □ in which the nucleation 

step is conducted, on the other hand, the incubation 
time disappears and the deposition starts 
substantially at the same time to the commencement of 
the deposition step of FIG.3B, 

20 In FIG- 7, the extrapolation of the line for 

the data □ may seem to indicate that there has been 
a deposition of a W film 22 of finite thickness at 
the time of commencement of the step of FIG.3B, while 
this is merely an apparent effect. It should be noted 

A- t. \. _ j_ ^ — J - ^ — ^ ^ _ ^ — t^-r/^ OTV a €— *-i^-»-ir5-iir^+-«=»<^ 

such that there is caused no deposition of the W film 
as explained with reference to FIG. 4. Thus, as long 
as the deposition time is zero, the thickness of the 
continuously formed W film 22 is also zero. 
30 FIG. 8 shows the specific resistance of the 

w film 22 obtained in the experiment of FIG. 7 with 
the thickness of 5 0nm. 

Referring- to FIG, 8, it can be seen that the 



07/11/2003 FRI 02:44 [TX/RX NO 9064] 11029 



2 0 0 3$ 7^1 18 1 56155^ ITOH INTERNATIONAL PATENT OFFICE 

- 18 - 



NO. 1238 P. 30/48 



W film formed with the nucleation process has a 
smaller specific resistance as compared with the W 
film formed without such a nucleation process. 

5 [THIRD EMBODIMENT] 

FIG. 9 shows the relationship between the W 
film and the deposition time for the case the 
deposition of the W film is conducted by a CVD 
process at 338*C while using W(C0)6 as a source 
10 material. 

In the experiment of FIG. 9, too, the CVD 
apparatus 10 of FIG. 2 is used similarly to the 
previous embodiments and the nucleation process of 
FIG.3A is conducted at the beginning of the presses 

15 by supplying W(CO)6 on the surface of the Si02 film 
21A with high partial pressure. After the nucleation 
process, the deposition of the W film is conducted on 
the SiOa film 21A by conducting the process 
corresponding to the step of FIG-3B by supplying 

20 W(C0)6 with a lower partial pressure. In FIG, 9, too, 
the origin of the horizontal axis is set to the 
timing of commencement of the process of FIG.3B. 

In the embodiment of FIG. 9, the substrate 
temperature is held at 338*C throughout the 

25 nucleation process and the deposition process, and 
the gaseous source material containing W(C0)6 formed 
in the bubbler 14 at the bubbler temperature of 25*t^ 
is supplied to the surface of the SiOz film 21A in 
the nucleation step of FIG.3A under the process 

30 pressure of 67Pa' (O.S Torr) with the carrier gas flow 
rate of 50SCCM for 60 seconds or 120 seconds. Thereby, 
the nuclei of W are formed on the surface of the Si02 
film 21A. 
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After the step of FIG.3A, the process 
pressure inside the processing vessel 11 is set to 
about 13Pa (0.1 Torr) in the step of FIG,3B and the 
gaseous source material is supplied from the bubbler 
5 14, held at the same bubbler temperature, is supplied 
with the carrier gas flow rate of 50SCCM. With this, 
the W film 22 is deposited on the SiOz film 21A with 
a desired thickness. 

Referring to PIG- 9, □ represents the 
10 relationship between the deposition time and the film 
thickness for the case the W film 22 is formed after 
conducting the nucleation process for 60 seconds, 
while A represents a similar relationship for the 
case in which the W film 22 is formed after 
15 conducting the nucleation process for 120 seconds. 

Further, ■ of FIG, 9 shows a similar relationship for 
the case the nucleation process is omitted. 

Referring to FIG. 9, it can be seen that 
there appears an incubation time of about 400 seconds 
20 in the case of On the other hand, the incubation 
time disappears in the case of A or □ in which the 
nucleation process of FIG.3A is conducted, in such a 
case, it can be seen that there is caused the 
deposition of the W film substantially simultaneously 
i?s to the commencement of the deposition step of FIG.3B. 

FIG- 10 shows the specific resistance of the 
W film 22 formed in the experiment of FIG. 9 with the 
thickness of 50nm, 

Referring to FIG. 10, it can be seen that a 
30 specific resistance comparable to that of the W film 
formed without conducting the nucleation process, is 
achieved in the case of the W film 22 represented by 
In the case of the W film 22 represented by 
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on the other hand, it can be seen that the specific 
resistance is slightly larger than the case the W 
film is formed without conducting the nucleation 
process. It is believed that this slight increase of 
5 the specific resistance is caused as a result of 
increased amount of w nuclei or formation of partly 
continuous W islands on the surface of the Si02 film 
21A. It should be. noted that the interpolated 
thickness of the W film at the start of the 

10 deposition process provides a very large value of 
about 20nm or more for the intercept in the data A 
of FIG. 10. As noted previously, the W nuclei at the 
surface of the Si02 film 21A contains various 
impurities such as C or CO originating from the 

15 source compound and shows the tendency of increased 
specific resistance. Thus, there is a possibility 
that the existence of such a relatively thick W layer 
of high impurity concentration at the bottom part of 
the W film 22 may be the reason of this increased 

20 specific resistance. 

In various embodiments explained heretofore, 
the strong supersaturation of W(CO)$ is achieved on 
the surface of the Si02 film 21A by increasing the 
process pressure (internal pressure) of the 

decreasing the carrier gas flow rate in the step of 
FIG.3A in addition to such an increase of the process 
pressure. On the other hand, the present invention is 
not limited to such a specific procedure, and the 
30 strong supersaturation state may be realized by 

merely using a smaller carrier gas flow rate in the 
step of FIG. 3 A as compared with the step of FIG.3B, 
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[FOURTH EMBODIMENT] 

FIG. 11 shows the construction of a CVD 
apparatus 40 used in a fourth embodiment of the 
present invention, wherein those parts corresponding 
5 to the parts described previously are designated by 
the same reference numerals and the description 
thereof will be omitted. 

In the nucleation step of FIG.3A, it is 
possible to increase the supply rate of W(C0)6 by 
10 using a higher bubbler temperature for the bubbler 14 
as compared with the step of FIG.3B. While switching 
of such a bubbler temperature is possible in the CVD 
apparatus 10 of FIG. 2, such a change of the bubbler 
temperature is generally not preferable or realistic 
15 in view of the fact that the bubbler temperature has 
to be controlled with extreme precision. 

Thus, FIG. 11 shows the constriction in 
which an additional bubbler 14 * is provided for 
holding the same W(C0)6 source at a different bubbler 
20 temperature. Thus, when the concentration of W(C0)6 
is to be increased, the CVD apparatus 40 of FIG. 11 
switches the bubbler 14 to the bubbler 14', 

More specifically, the additional bubbler 
14* is supplied with an Ar carrier gas from another 
25 mass flow controller 15' via a valve 15A' , and the 

vapor of W(C0)6 formed as a result of the bubbling is 
supplied to the line 14B via a valve 14A' . 

In the example of FIG, 11, the temperature 
of the bubbler 14' is set higher than the temperature 
30 of the bubbler 14, and the valves ISA' and 14A* are 
opened by the system controller 16 during the 
nucleation phase corresponding to FIG,3A. Thereby, 
the vapor of WCCO)^ is supplied to the line 14B, 
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During this period, the valves 14A and 15A 
cooperating with the bubbler 14 are closed. 

During the deposition step of FIG.3B, on 
the other hand^ the valves 14A' and 15A' are closed 
S and the valves 14A and 15A are opened. Thereby, the 
vapor of W(C0)6 in the bubbler 14 held at 25^!^ is 
supplied to the line 14B together with the carrier 
gas . 

Further, it should be noted that the 
10 present invention is not limited to the case of using 
W(C0)6 for the source material. Thus, the present 
invention is useful also in the case of conducting a 
CVD process of other metal films such as the one 
using Co(C0)6, Mo(C0)6, [Rh(CO)4]4, and the like. 
X5 Further, the insulation film 21A on which 

the deposition of the W film takes place is not 
limited to such an Si02 film, but other various low-K 
inorganic insulation films having a specific 
dielectric constant of 3.0 or less such as a hydrogen 
20 silsesquioxane film, various low-K organic insulation 
films such as an aromatic polyether film, or other 
various organic and inorganic porous insulation films 
can be used for the insulation film 21A. 

Further, the present invention is not 

«. ^ WVp-VA W**^ — ~— — ————— 

various variations and modifications may be made 
without departing from the scope of the invention. 

The present invention is based on a 
Japanese priority patent- application 2002-205516 
30 filed on July 15, 2003, the entire contents of which 
are incorporated herein as reference. 
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